A release of "CO2 not related to ornithine decarboxylase activity was found in crude leaf extracts from Lycopersicon escukntaum, APena sativa, and especially from the pyrrolizidine alkaloid-bearing Heliotropium angiospermum when incubated with I1-"CI-or IU-"CIornithine. The total "CO2 produced was about 5-to 100-fold higher than that due to ornithine decarboxylase activities calculated from labeled putrescine (Put) found by thin-layer electrophoresis in the incubation mixtures. Partial purifi- MATERIALS AND METHODS Plant Material. The plants were grown in the greenhouse as previously described (4); Heliotropium angiospermum from cuttings of plants originated from Queretaro, Mexico; Avena sativa, cv Garry, and Lycopersicon esculentum, cv Big Boy from seeds. The sampled leaves were immediately frozen and kept at -800C until analyzed.
"CO2 produced was about 5-to 100-fold higher than that due to ornithine decarboxylase activities calculated from labeled putrescine (Put) found by thin-layer electrophoresis in the incubation mixtures. Partial purification with (NH4)2SO4 did not eliminate completely the interfering decarboxylation. When incubated with labeled arginine, a very significant 14CO2 release not related to arginine decarboxylase activity was observed only in extracts from H. angiospermum leaves, especially in Tris.HCI buffer. Under the assay conditions, these extracts exhibited oxidative degradation of added Put and agmatine (Agm) and also revealed a high arginase activity. Amino-guanidine at 0.1 to 0.2 millimolar prevented Put degradation and greatly decreased oxidative degradation of Agm; ornithine at 15 to 20 millimolar significantly inhibited arginase activity. A verification of the reliability of the standard`COr based method by assessing labeled Put and/or Agm-formed in the presence of added aminoguanidine and/or ornithine when needed-is recommended especially when crude or semicrude plant extracts are assayed.
When based on Put and/or Agm formed at 1.0 to 2.5 millimolar of substrate, the activities of ornithine decarboxylase and arginine decarboxylase in the youngest leaves of the tested species ranged between 1.1 and 3.6 and 1 and 1600 nanomoles per hour per gram fresh weight, respectively. The enzyme activities are discussed in relation to the biosynthesis of pyrrolizidine alkaloids.
The postulated biosynthetic pathway leading to the formation of the amino alcohol moiety in pyrrolizidine alkaloids from two molecules of Put via homospermidine has been strongly supported by recent studies on Senecio and Heliotropium (4) . In very young leaves and inflorescences of Heliotropium plants, the alkaloid levels may exceed 50 to 100 times those of total polyamines, including Put, and represent over 5% ofthe total nitrogen content of the tissue. One might expect that young organs of pyrrolizidine alkaloid-bearing plants would be huge producers of Put. Thus, one might also expect that such organs would exhibit high activities of ODC2 and/or ADC, the former yielding Put ' This work was performed during a sabbatical period (H.B.) at Merrill Dow Research Institute, Cincinnati, OH. 2Abbreviations: ODC, ornithine decarboxylase; ADC, arginine decarboxylase; TLE, thin-layer electrophoresis; Orn, ornithine; Arg, arginine; Agm, agmatine; Put, putrescine; Spd, spermidine; Spm, spermine; Dap, diaminopropane; AG, aminoguanidine; DFMO, a-DL-difluoromethylornithine; DFMA, a-DL-difluoromethylarginine; RT, retention time.
directly from Orn, the latter yielding Put Rat Liver. Livers were obtained from l-methyl-3-isobutylxanthine-treated (10 mg/kg intra-peritoneal) male Sprague-Dawley rats ( 150-200 g).
Escherichia coli. The bacteria were grown as described (5) . Analyses. For ODC and ADC assays, the leaves were homogenized at 0°to 4°C in 200 mM Tris-HCl or Na phosphate buffer (pH 8.0), containing DTT, pyridoxal phosphate, and EDTA at 10, 0.1, and 0.1 mM, respectively, and then centrifuged at 20,000g for 20 min at 40C. The final (NH4)2SO4 fractions were centrifuged at 20,000g for 10 min, the supernatant removed, the sediment suspended in 100 mM Tris. HCl or phosphate buffer containing DTT, coenzyme, and EDTA at 2.0, 0.05, and 0.05 mm, respectively, and dialyzed against the same buffer. Spectrapor membrane tubings with mol wt cutoff of about 3,500 or 12,000 were used for dialysis. No differences in the enzyme activities were found depending on the tubing used. Nor were any differences observed after addition of phenylmethylsulfonyl fluoride, a protease inhibitor, of about 1.5 mM final concentration to the homogenization and/or dialysis buffer.
The enzyme extracts were stored in small aliquots at -80°C.
The ODC and ADC activities were assayed in 50-to I00-,d 
RESULTS
The levels of free Arg and Orn in the youngest leaves of the three plant species were lower than the total polyamine content; (Tables II and III) . However, the losses of Put were fully prevented, and the oxidation ofAgm was almost completely suppressed when AG, an effective inhibitor of amine oxidases (17, 28) , was added at 0.1 to 0.2 mm. Of the Agm preserved by AG about 17% gave rise to Put. Neither the AG inhibition of Agm oxidation nor the Put formation was affected by Orn added at 20 mm to suppress arginase activity as discussed below. No measurable losses of added Put or Agm in the absence of AG were observed in extracts from oat and tomato leaves; the transformation of Agm to Put was minimal.
In spite of the presence of AG in the reaction mixture, the TLE-based activities of ODC and ADC in Heliotropium extracts were far below the activities calculated from 14C02. Similar discrepancies were observed with extracts of the other species. To ascertain that in the presence of AG the TLE-based results are reliable, the oat and tomato enzymes were assayed in the presence and absence of AG; in addition, the well-known rat liver ODC in purified extracts and E. coli ODC and ADC in crude extracts were also tested. As shown in Table IV , AG at 0.2 mM did not affect the enzyme activities in either species whether based on '4CO2 or TLE. Neither did it affect the reaction of oat, tomato, and E. coli ADC to DFMA; nor did it change the known, opposite sensitivities of E. coli and rat liver ODC to DFMO (12, 13, 20) . In contrast to the plant extracts, no significant differences were found between the '4C02-and TLE-based results not only in the purified rat liver extract, but also in the crude extract from E. coli cells. Since the TLE-based activities in the presence of AG seem to be reliable, the discrepancies observed in plant extracts may be attributed to '4CO2 production not due to ODC or ADC activities. The only case when such interference was not apparent was the ADC assay in oat; both ADC inhibition by DFMA in the absence of AG was similar to that in its presence; when added to the crude extract or its (NH4)2SO fraction, Orn at 20 mm did not affect the enzyme activity. In L. esculentum extracts incubated with DFMA, no radioactivity was detected in Agm.
the crude extract and its (NH4kSO4 fraction revealed similar and very high activities ofthe enzyme, reaching over 1500 nmol h-' -g fresh weight-' regardless whether based on '4CO2 or TLE. In contrast, the TLE-based oat ODC activity in the (NH4)2SO4 fraction-about 0.1% that of ADC-amounted only to 2 to 3% of the 14C02-based activity in the crude extract. However, the crude extract did not differ from its [NH412SO4 fraction in the TLE-based ODC activity when incubated with [U-'4C]Orn; DFMO added to the crude extract had no apparent effect on the 14CC2 release although, in fact, it did inhibit Put formation (H. Birecka, A. J. Bitoni, P. P. McCann, unpublished data). In tomato leaf extracts, the interfering "4CC2 production was expressed to a much lesser degree than in oats. The TLE-based ODC and ADC activities amounted only to about 3 and 1 nmol/ h-' g fresh weight-', respectively.
In Heliotropium, the nonspecific 4C02 release was very pronounced in ODC as well as ADC assays, not only in the crude extracts but also in their (NH4)2S04 fractions. As shown in Table  V 
DISCUSSION
The choice of pH 8.0 buffers for the plant enzyme assays was based on the optima reported for ODC and ADC, which range from 7.2 to 8.5 with Tris-HCI buffer being used most frequently (1, 7, 15, 16, 18) . The activities of ODC and ADC in various plant species show an extremely broad range; they were determined at extremely different substrate concentrations ranging from 14 uM to 5 mM of L-Orn or L-Arg (1, 14, 16, 27) 'The aliquots used corresponded to 40 mg fresh per reaction mixture. The distribution of radioactivity in the blanks did not differ depending on the buffer.
b The ADC activity found in crude extracts incubated with [guanido-'4C]Arg in phosphate buffer was about the same as that in the (NH)2SO4 fraction. The ADC activity in extracts from mature leaves was one-fifth of that found in the youngest ones. C In the absence of AG, the degrees of Arg disappearance were similar, the`4CO2 releases higher, and ['4C]Agm radioactivities almost nil.
